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SORBENT COMPOSITION 

Field of Invention 

The present invention relates to a sorbent composition for removal of carbon 
dioxide and other acidic components from a gaseous stream, the use thereof and a 
method for preparing the same. 
Background Art 

Carbon dioxide is one of the greenhouse gases, i.e., one of those gases 
considered to be a major threat to the environment due to the greenhouse effect 
attributable thereto. 

As reported in Xosts of Curbing CO2 Emissions Analyzed". C&En 4 (May 18^ 
19S2), the annuai damage to the U.S. economy from the doubling of CO2 emission 
(expected to occur between 2025 and 2050), would be about $60 billion, or 1% of 
the gross domestic product. 

Two bills that aim to stabilize carbon dioxide at 1990 levels by 2000 have 
been introduced in the Congress of the U.S. An amendment to the energy bill 
introduced would stabilize greenhouse emissions. 

Reduction in the emissions of CO2 and other acidic components has become 
increasingly more important because of the deteriorating ambient air qualities in 
many industrial countries. The increasing concern over acid rain, the tightening of 
emission standards, and the push for the use of more coal to satisfy the energy 
needs, all point to an urgent need for more efficient and more economic processes. 
Research and development has been intensified in many countries, including the 
United States, England, Germany, Japan, and Russia, as reported e.g., in a) 
Bienstock, J.H. Field, S. Katell, and K.D. Plants, "Evaluation of Dry Processes for 
Removing Sulfur Dioxide from Power Plant Flue Gases " JAPCA 15 459 (1965); and 
b) J. H. Field, L. W. Brunn, W. P. Haynes and H. E. Benson, "Cost Estimates of 
Liquid-Scrubbing Processes for Removal of Sulfur Dioxide from Flue Gases", 
JAPCA 7 109 (1957), In fiscal year 1992 DOE's Office of industrial Technologies 
proposed several awards totahng $550,000 for initia: R&D Vvcrk or, innovative 
concepts to utilize waste CO2 

In the prior art there are many suggested methods for separating carbon 
dioxide and other acidic components from gases containing the same. Some of 
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these methods are characterized by the following processes: 

a) Chemical Absorption processes; 

b) Physical Absorption processes; 

c) Physical Adsorption processes; 

d) Membrane Separation processes; and 

e) Cryogenic Separatation processes 

Currently the well-known and most used chemical materials for carbon 
d.oxide (CO.) removal from flue gases are water solutions of monoethanolamine 
(MEA) and potassium carbonate (Na)K.C03 and the only .ndustnal method of CO. 
..movai ,s :ts chemical absorption by liq.d phase absorbents mentioned above with 
the formation of carbon diox.de salt of monoethanolamine or potassium bicarbonate 
according to the equations; 

(1) 

K?C03+C02+H20->2KHC03 

2C2H40HNH2+C02^H20->(C2H40HNH3). -COs (2) 

A carbon dioxide salt of monoethanolamine, when heated above 120°C, 
releases carbon d.oxide converting back into monoethanolamine and regenerating 

into the initial solution. 

Potassium bicarbonate (NajK.CO,, when heated above 120"C, gives off 
carbon d,o.,de converting ,n,o potassium carbonate. wh,ch is capable of coo„ng 
again to absorb CO2 according to the equations: 

(3) 

2KHC03-^K2C03+H20+C02 

{C2H40HNH3)2 -003 = 2C2H4OHNH2-H2O+CO2 (4) 

Additional known chemical reactions for absorption of other acidic components are: 

K2C03+2HCI^2KCI+C02+H20 

2KHC03+S02->K2S03+2C02+H20 

K2C03+3N02-^2KN03+N0+C02 

C2H40HNH2+HC1->C2H40HNH2.HC1 

2C2H40HNH2-H2S->(C2H40HNH3)2-S 

C.H40HNH2+N02-H20-->C2H40HNH3.N03 (^0) 

The drawbacks of the above are continuous carry-over of the solution by the 
gas stream, cumbersome and relatively compHcated equipment, pollution of the 
solution with different admixtures and contamination of the environment by the 



carryover of so,u.,on drops. Furthermore, nnor,oe,hano,am,ne vapor, carr.ed over ,o 
me atmosphere also preser,t an ecologioa, danger F.nally, the eoonom.o ,ndexes o 
,he MEA-based ohemioal absorption method are dramatically Impaired when ,t 
applied to gas streams with low Initial CO2 content. 

AS mentioned above, the known methods of chemical absorption are based 
on liquid-phase sorbents. There is a great difference between the use of 
liquid-phase sorbents and solid-phase sorbents. 

Both w,th liqu,d-phase absorption and solid-phase adsorption, the rate of the 
processes ,s determined by the gas diffusion velocity into solvent solution or into 
ranulated sorben. In turn, diffusion velocity depends on the -.ace area c h 
solution drops or of the sorbent granules The surface area 0, solu.ion ro 
relatively small and, consequently, the diffusion velocity ,n liquid phase is small, 
which substantially retards the process of chemical absorption. 

There are Known physical adsorption processes which utilize another class of 
highly porous materials, such as zeolites and activated carbon. 

"n porous granules, however, the area of gas contact su.ace with sorbent s 
200-300 m^/g, as opposed to the area of drop surface 200-300 - '9-- 
difference In surfaced area is by several orders of magnitude, therefore the ra 
gas adsorption by solid sorben. also increases by several orders, as compared to 
qas absorption by a liquid sorbent. 

The main drawback of known solid sorbents and the processes of physical 
adsorption is their low adsorption capacity. When used in large-scale applications^ 
tne use o, low adsorption capacity sorbents results in large capital investment and 
hiah energy consumption. 

The present inventors have found a new class of solid sorbents which can 
overcome the disadvantages of known liquid solvents used in chemical absorp.on 
processes and known solid sorbents used ,n physical adsorption processes. The 
recyclable sorbents which are now proposed can promote high efficiency and 
.nexpensive solid-phase processes of chemical adsorption of CO. ana ctne, a.^. 
components from various gaseous streams, including flue gas with a low initial CO, 
concentration from large-scale power plants 
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" . ,K,„ BR»r whereby said carbon dioxide .s reieabsa, 

.ea.edtoamo.pera.ureh,gher.han85 a w^^^^^^^^^^^ ^^.^^ 

thereby enabling the recycling of said scl.d sorbent 

^^^^"rirpreferred e.bodi.en.s o. .e present ."-o" ^ 
.troduced ,n,o the gaseous s.rea. at a temperature lower than 60 C, up 
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saturation of said absorbent material with carbon dioxide, said solid sorbent ,s 
heated to a temperature higher than 65°C, whereby said oarbon dioKide is released, 
thereby enabling the reintroduction of said solid sorbent into said gaseous stream. 

in especially preferred embodiments of the present invention said solid 
sorbent is introduced into said gaseous stream at a first temperature and upon 
saturation of said absorbent material with carbon dioxide said solid sorbent is 
heated to a second higher temperature of between 65°C and 125°C, at which said 
carbon dioxide is released, thereby enabling the recycling of said solid sorbent for 
reintroduction into said gaseous stream. 

in a preferred embodiment of the present invention the gaseous stream 
includes moisture which has either existed therein or is added to the gaseous 
stream. In addition, moisture may be added to the sorbent prior to the introduction 
into the gaseous stream. 

in another aspect of the invention there is provided a method for preparing a 
solid sorbent composition as defined hereinbefore for removal of carbon dioxide and 
other acidic components from a gaseous stream, comprising; 

a) mixing at least one absorbent material selected from the group consisting 
of amino alcohols and amino alcohols in combination with a sodium 
carbonate a sodium bicarbonate, a potassium carbonate, a potassium 
bicarbonate and mixtures thereof, with at least one hardener selected from 
the group consisting of at least one metal oxide, wherein said metal is 
selected from the group consisting of zinc, aluminum, magnesium, alkaline 
earth metal oxides thereof, said absorbent material being capable of 
absorbing said carbon dioxide and other acidic components when in a liquid 
State; 

b) heating the above mixture to effect a chemical reaction between the 
components of the above mixture with formation of a reaction product: 

c) processing the above reaction product into a granulated form, and 

d) drying said granulated sorbent. 

in especially preferred embodiments of the present invention there is 
provided said method for prepanng a solid sorbent composition, wherein said 
mixture is heated at a temperature of up to 100 °C. 



,n a preferred embcdin^ent of .he present inven.ior, .here is prov.ded a 
.ethod for preparing a so.id sorbent composition, wherein said liquid connponen. ,s 
nresenl in an amount of at least 40 wt;wt%, 

,n a further preferred embodiment the hardener is present in an amount of at 

"roTd:, to the present .nven.ion the other acid.c components are seieCed 
from the group consisting of S02,H2S,HC1 and NO2. 

The compounds according to the present invention which are capable 0 
absorblg CO. from a gas mature to form corresponding carbonates wh.ch 
absorbing . ^^^^ ^onoe.hanolam.ne, 

Thramin: t^^^^^^^^^^^ P^opanolamine, d,gl.co,am,ne, d„sopropano,am,ne 
r methvidiethanolamin. When ,n contact w,.h carbon J - 

salt-liRe compounds, e.g.. carbonates and/or bicarbonates of am.nes are heated to a 
emperature higher than 120»C, these compounds are decomposed, releas, g CO. 
and regenerated into the ln,„al am.nes. These am.nc alcohols can be used alon a 

utra ed in example 3 or can be used in comb,nat,on w„h a sod.um carbonate, a 
irlrarlatl a potass.um carbonate, a po.ass.m b.carbonate and m.x.ures 
thereof, as Illustrated in example 4 * rn from the 

The above carbonates which are in a hydrated state absorb CO. from the 
gas stream, and are converted into bicarbonates. The bicarbonates release when 
heated up to temperatures greater than 120«C, with the subsequent conversion into 

"'°TgB f 356,996 there is described a process for the removal of gaseous 
Chlorine compounds from gases utilizing a solid sorbent material which is a prcduc 

: .uid absorbent (NaOH m solution, which is capable of ^^--^ 
1 ide and calcium oxide as a hardener and discloses ,n genera, the use of an 
Irben. which contains and alKaline earth metal oxide, hydroxide or car nate 

..Hoabie of being decomposed into the same or a mixture of such 

;;"e ';7drox,de carbonate or decomposable compound with an alKal, me.a, ox.oe^ 

11 carbonate or compound capable of being decomposed into I e same 
L not teach or suggest the use of a solid sorbent -P°-- 
carbon dioxide and other acidic components from a O-ou re- 
composition being a product of a reaction of a mixture 0. at least Hguid 



, .p. from me group consisting of am.no alcohols and am,no 
absorbent materia, selected f om me g P ^^^^^ a sodium b,carbonate, a 
alcohols in combination with a ^,,,,33 hereof, with at least 

potassium carbonate, a potassium bicarbc"- - ^^^^^ ^^^^^ 

one hardener selected from the -J of zinc, aluminum, 

„,3I o.de.alKa„ metal carbonate sorben.^now^r, as s ^^^^^ ^^^^^^^ 
,ne reactions as descnbedin column . o,=. .. .-.^-^ ^ ^^^^^ ^p^^ 
a meta, oxide which becomes a car . and ^ ^^^^^^^^^^ 

.generation, howe.er, the ^^^Z: -ns.e .or use. In 

femperature ,s silver ^ ^^J^^, „ere is prodded and utilized a 

contradistinction according to the p e n ^^^^^ 

— composition ^^^^ ^ ; 1,,., of ammo alcohols and ammo 
absorbent material selected from me gr P bicarbonate, a 

alcohols in combination with a -^^nt r^ixtures thereof, w,th a, leas, 

potassium carbona,e, a potassium bicarbona. ^^^^^ 

one hardener selected from the ^^^^^^ of zinc aluminum, 

Wherein said metal is selected from me 9^ P ^^^^^^ ^^^^^^ ^^^^ ^^^^^^^ 

magnesium, alkaline earth metal ™ J other acidic components, 

.atenal being capable of absorbmg carbon xi ^^^^^^ ^ 

therein, said solid sorbent is — 1 J,a, w,m 

temperature and upon saturation of said abs- ^^.^ ,250c, 

3olld sorbent ,3 heated to a second higher tem^^^^^^^^^^^ 

a, which said carbon dioxide ,s release < - 
above, mereby enabling the recycling of said 

said gaseous stream ...noesi the absoroent materials of 

Thus said US paten, does not teach 0 s ge t ^^^^^^^^ 

,He oresent invention or ,he,r use, as opposed to me 
::::: and regeneration as taughtforthefirsttime herein. 



• ..re used ,n a solidified phase, utilizing their 

.„c. ab— -^'^^J^^ l^^^^^ 33,, p,,, .oes no. .each or surges. 

^'-'-^"^'"^^'""itoTp'es^ invention or ..e a^es 0, the use 
the absorbent materials of tne p.e 

thereof. ^^^ion are utilized during the 

T.e sorbent compositions of the pres^^^^ ^^^^^ ^^^^^^^^^^ 

solidification of saturated soiuuan. ■ k J ,-^,^„g compounds with 

zinc, aluminum, magnesium, etc. ^^^^^ saturated solution 

--^rrrco.pos,.,on.onhep.esen_ 

- the .as strea. . ^^^l^::::;Z.. a. ,n h..ate. state, 
sorption at h,gh humidity and. a, the a ^^^^^ ^ 

CO. ,s remove. ^-;^'^^::Z. colpos.t.n sat.ates w,th CO. a 
temperature below 80 C After ^^^^^ .^^ 

Thus, tne aPove sorbent con^pos.ons - ^ , 

„o,. ™ " •■• »»'-: t rz'"....-»» » » 



„W used zeolites and actwaled carbon 
co^panson « .ne pnces o, -J ^^^^^^ ,.es can Pe -zed as a 

capacity. , ,nvent,on can be also used for 

Tne sorbent compos.fons of the pre ^^^^ 

,e,.oving other acid.c components such as S . , ^^^^ ^^.-^ 

,ea.. However, the chernica, ^^l^X^^^^,., in so.e cases only at 
components are taken up by sorben 3^ -^ ,o,,.n 

,e.peratures much higher than 1 0 C ^^^^ 

,egenerat,on econom.caliy ^-^^^ ^.^.^ streams «,ll be preferab y 

Imical adsorpt,on of acdio J*^^^^^^^^ shown ,n e.ua.ons 5-10, 

3«er which sorbents -'"^'^^ '^'^^^^ „ p,,„p,e 

..generated by exposure to high -P^^ ^ 3dvantageous to the 

AS w,.l be realized, the follow.ng featu^s ,^^,,,perature waste 

,_t ,n.ent,on:,ne.pensi.eso.ent,po^^^^^^^^^^ ^^^^^^^^ , 

Lat for regenerat,on o, the ,„,,ent material. The use of 

adsorbtlve capabi.ity wh.ch ^ - ^^^^^ ^.^^...ure range of the 

smaller amounts of sorbents, ,n '^ Iva.ion of energy and the eliminat.on of 
,e.ersible chemical reaction a.lows or conse ^^^^^ ^^^^^ 
aamag,ng effects to the sorbent ^ m^^^^^^^^^^ 

-•-:::r::ofa.al,ne.earthm^^^^^ 

preferably Ca(OHH, ^^^'^^^^.^^^^'^^..^ and magnes.um accord,ng to 
The oxides and hydro-ox,des of zinc^ MoO and Zn(OH)a. 

,e present .vent.on are P--*'^ A.C>. - ^ ,erta,n prefe,red 

Wh,le the ,nvent,on w,ll now be descnb ^^^^^^^ ^^^^ 

embodiments, the fol.ow,ng examples so th^^^P^ ^^^^ , ,,ese 

understood and apprecated, u .s^^ al, a,.ernat..es 

pan,cular embod.ments On the con tra.,^^^^^^^ ^^^^^^ ^^^^^ ^, 
modifications and equivalents as m y 



. , Thus the following examples which .nclude 
as defined by the appended ' ^^^,,,3 this invention, ,t being 

p.eterred e— ents ^^'^^I^^, J,, ..^.ple and to. purposes o, 

and conceptual aspects of the invention. 

Co!SmMm3mDS^ „ ,kC03) is dissolved at 100°C in loeo g of 

. of potassium carbonate K CO3, ^^^^^^^ ^^^^^^^^^ ^ ^ 
boiled water with continuous stirring. ^ -^^ ^^^^ ^^^^^^ 3, 

oxide IS added. The obtained mixtur coo ^^^^ 

removal from flue gas with 5.1 /o(v;v)o 

Qosmm&Si^!^ ^ ,3,ed, but after ZnO (or magnesium oxide) 

The procedure of Example 1 is repea ,^ 
addition, 30go,K.CO3isadded under co*uo^^^^- 
.sed for CO. removal from flue gas in multiple cycles. 

lm<^^ . ,MW rH,CH20H) is saturated with CO2 and IS 

62 g of monoethanolamine (NH.CH.CH.O ) 

with continuous mixing. 120 g o ,oHC.H4NHC2H40H) is added with 



A,r stream a. initial CO. concentrat,on 0,5.1/0 ^ 

Test duration, hr 2 4 

CO, recovery level, h ^ 29 5 

Total adsorpt,v,ty,%(V^/W) ■ ^ ^ 

Total adsorptivlty after 6 descrp.l0^s,/.(^A//W) 

stream at «alCso.concen.ra,,on of. .v.^ 

Test Duration, hr ^ ^ 

COa recovery level, /o 

Total adsorptivity after six desorpt,ons.%(W/W) 

5,Tfmsorberi£ffiducedj^^ 

Multicycle test 40 cycles 

L.Lo,t.e processes. eac.cyc,ea.or.. 

Mixture velocity at tnesor^ent^ed .*^^^^^^^^^^ 
Average CO2 recovery level; 

„ion process and 1 25 in ^^^'^^^^^^ ,,3^,3 5 and Example 6, 
AS w,l, .e noted from ^ffer si. desorpt.ons 

in example 1. 
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, ,e evident to those skilled in the art that the invention ,s not l.mited to 
be embodied ,n other speorf.c embodiments and examples be 

intended to be embraced therein. 



